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Abstract 

We assess the sensitivity to the lepton CP phase by accelerator and reactor experiments in the near future, charac¬ 
terizing it globally by means of the CP exclusion fraction measure. Such measure quantifies what fraction of the dcp 
space can be excluded at given input values of O 23 and dcp. For some region of the parameter space, we find that T2K 
and NOvA combined can exclude about 30% - 40% of the dcp space at 3cr with a 5 years running in each neutrino and 
antineutrino modes. A determination of the mass hierarchy would be possible for a modest portion of the parameter 
space at 3cr. 
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1. Introduction 

After the discovery of ^13 d El El SI, the attention 
has been turned upon the last two unknowns in the three 
neutrino oscillation framework, the lepton CP violat¬ 
ing phase dcp and the neutrino mass hierarchy. Gath¬ 
ering any information on these two unknowns is highly 
valuable. The determination of the mass hierarchy com¬ 
bined with the observability or not of neutrinoless dou¬ 
ble beta decay might reveal the Dirac or Majorana na¬ 
ture of neutrinos. In such scenarios, one might en¬ 
visage that future sensitivities on the sum of neutrino 
masses from cosmological data could provide a power¬ 
ful tool to test the standard cosmology framework. In 
this work, we focus on how much information on dcp 
can be obtained by current neutrino oscillation experi¬ 
ments, namely T2K and NOvA, as how this correlates 
with the mass hierarchy measurement. 

Certainly, future facilities such as Hyper- 
Kamiokande 13 and LBNE g) are supposed to 
have remarkable sensitivities to both hierarchy and 
lepton CP violation Q. Nevertheless, given the time 
scale of such experiments, any knowledge of these 
quantities is valuable. The main goal of this manuscript 
is to show under which circumstances T2K and NOvA, 


are able to exclude a significant fraction of the Sqp 
values. 

2. The appropriate CP measure for T2K and NOvA 

In this paper, to quantify the experimental sensitivity 
of T2K and NOvA to Sqp in a global way, we use the CP 
exclusion fraction, /cpx, where /cpx is defined as the 
fraction of dcp values which can be disfavored at a given 
confidence level for a given set of input parameters (Sj 

m. 

One may be tempted to say that choosing a measure 
to assess the CP sensitivity is to a large extent arbitrary. 
Ultimately, such assertion is indeed true. Nonetheless, 
we argue that for experiments like T2K and NOvA, /cpx 
is more useful than other routinely used measures. The 
CP violation fraction, for instance, gives us the fraction 
of dcp values for which CP violation can be established 
(see, e.g.. Refs. Enoi). Regardless the straightforward 
binary “yes or no” message to CP violation, this mea¬ 
sure suffers from the “bias” of choosing special refer¬ 
ence points (dcp = 0 or tt) to discuss the sensitivity 
to CP phase, losing valuable information: even if the 
experiments aforementioned cannot establish CP viola- 
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tion, they may still disfavor some region of the parame¬ 
ter space. 

The expected error in dcp, on the other hand, suffers 
from a conceptual problem when dealing with T2K and 
NOvA. The interpretation of the allowed region as an 
error bar fails if such region consists of disconnected 
pieces or if there are multiple fake solutions and non- 
Gaussianities in the;^^ ( 3 . 

Probably the most straightforward way of showing 
the sensitivity to dcp is to plot the allowed region in, say, 
the dcp X sin^ 623 plane for many different input param¬ 
eters. The issue for the experiments we are interested in 
is that even the Icr allowed regions are very large, some¬ 
times disconnected, making it hard to build up a global 
perspective of the situation. 

Hence, we advocate that the most appropriate way 
of evaluating globally the CP sensitivity of these ex¬ 
periments is to make use of the /cpx- We will present 
our results in the plane dcp x sin^ 623 , as 623 now is the 
least constrained angle, affecting considerably the ex¬ 
perimental outcome. In this work, we use the standard 
parameterization of the neutrino mixing matrix ITTIl . 

3. Results 

In Fig.[^ we present the dcp sensitivity for the com¬ 
bination of T2K and NOvA, assuming a running of 5 
years in each neutrino and antineutrino mode for both 
experiments. We take into account that O 13 is expected 
to be measured by Daya Bay with an error of ~ 0.005. 
The details of the simulations can be found in Ref. m, 
as well as a qualitative discussion based on the bi¬ 
probability plots and on spectral information. 

Very roughly, the /cpx contours for normal as input 
can be obtained by reparametrizing dcp n - dcp in 
Fig. We show on the top panel the result marginal¬ 
izing over the hierarchy. We can see that generically, 
as sin^ 623 grows, the sensitivities are worsened. When 
O 23 goes to the second octant, it boosts the leading (CP 
conserving) ^ oscillation term, inducing an in¬ 
creased number of appearance events. Although this 
improves the sensitivity to 613 , such events are a back¬ 
ground to the CP phase search, deteriorating /cpx- 

Another salient feature is the disparate performance 
for positive and negative values of dcp. What happens 
here can be understood by the degeneracy between dcp 
and the hierarchy ifT^ : in this region, the wrong hier¬ 
archy is likely to provide a very good fit of the data for 
values of dcp which would be disfavored in the correct 
hierarchy fit. This bring us to the bottom panel in Fig.[^ 
where we fit the expected data with only the normal hi¬ 
erarchy, that is, the wrong hierarchy. 


T2K-i-NOyA: 5-1-5 years each - inverted hierarchy 
99.73% C.L. 




Figure 1: /cpx isolines on the (^cp - sin^ 023 plane at 3cr, for T2K and 
NOvA running in y+y mode for 5 + 5' years, assuming inverted hier¬ 
archy as input. On the top, we marginalized over the hierarchy, while 
on the bottom we fit only the normal hierarchy (that is, the wrong 
hierarchy in this case). 

On the left side of the plane, most of the wrong hi¬ 
erarchy dcp values can fit the data, displaying the de¬ 
generacy between dcp and the hierarchy. This reduces 
the /cpx to the point that it becomes zero (at 3 cr) for a 
large portion of the input parameters. On the other side 
of the parameter space, the degeneracy is lifted mainly 
due to the matter effects in NOvA, while the final size 
of the allowed region of dcp is decisively impacted by 
the performance of T2K - an evidence for the synergy 
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between these experiments. For maximal values of 
there is the possibility of even rejecting the wrong hier¬ 
archy at 3cr. Although this sounds very promising, we 
call the attention that such a scenario is restricted to a 
fairly small fraction of the parameter space. 

A few comments are in order regarding the 623 octant 
determination. The octant degeneracy has its roots in 
the dependency of the disappearance mode ^ and 
its CPT conjugate in sin^2^23- By themselves, these 
modes cannot determine the octant of the atmospheric 
mixing angle. The appearance mode ^ and its 
CP conjugate, on the other hand, have an intricate de¬ 
pendency on dcp, sin^ 623 , and on the hierarchy, and they 
are plagued by degeneracies (HI. The inclusion of an¬ 
tineutrino running is essential to break these degenera¬ 
cies, being an indispensable ingredient for both the CP 
phase the octant ca sensitivities. The issue is the loss 
of statistics when running in the antineutrino mode due 
to smaller fluxes and cross sections. We have checked 
that the octant sensitivity does not change much if the 
antineutrino share is between 30% to 70% of the total 
running time. This, together with the importance of the 
determination of Sqp and the hierarchy, indicates that 
the octant determination should play a minor role in the 
experiments run planning. 

4. Conclusions 

In the next 10 years, we do not expect a precise mea¬ 
surement of the lepton CP phase, as the present neu¬ 
trino oscillation experiments have very limited statistics 
for such goal. Notwithstanding, given the large value of 
013 , these experiments may be able to provide valuable 
information on the phase. Depending on the true values 
of dcp and O 23 , they might be able to strongly disfavor a 
reasonable region of the parameter space. 

We have quantifled the expected sensitivity of T2K 
and NOvA by using the CP exclusion fraction - the frac¬ 
tion of the CP values that can be excluded for a given 
input at a given confldence level (we adopted Serin this 
paper). We have shown that, for some region of the true 
parameter space, about 30% - 50% of the dcp space can 
be strongly disfavored with a 5 years running in each 
neutrino and antineutrino modes. This is because of the 
synergy between T2K and NOvA, as the latter is more 
sensitive to the hierarchy, due to a longer baseline, while 
the first is more sensitive to the phase, once the wrong 
hierarchy is disfavored. In fact, there is even a modest 
possibility of determining the neutrino mass hierarchy 
at Scr in the next 10 years. 

The use of the antineutrino appearance channel is cru¬ 
cial for obtaining information on dcp, the optimal situ¬ 


ation being the equal share between neutrino and an¬ 
tineutrino runnings. 
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